A field study was scheduled to estimate the impact of intercropping of pearl millet with cowpea on forage yield and quality at Agronomy Research Farm, University of Agriculture, Faisalabad. It was done in kharif season 2016. Randomized complete block design was used to conduct this experiment. It has three replications. The size of net plot is 3.6 m × 6 m. It comprised of five treatments (T 1 = one row of millet alternating with one row of cowpea (1M:1C), T 2 = two rows of millet alternating with one row of cowpea (2M:1C), T 3 = one row of millet alternating with two rows of cowpea (1M:2C), T 4 = sole millet, T 5 = sole cowpea). We found that intercropping significantly effected the yield and quality of forage. Intercropping system had significant effects on nutritive value of forage crop. Within various treatments of intercropping, it is evident that treatment T 2 (two rows of millet alternating with one row of cowpea) gives maximum total dry matter yield (9.68 t ha −1 ). It was then tracked by treatment T 1 (one row of millet alternating with one row of cowpea) and treatment T 3 (one row of millet alternating with two rows of cowpea) producing dry matter yield (9.07 t ha −1 and 8.33 t ha −1 , respectively). Based on high grain and suitable environmental condition, intercrop productivity compared to sole crop could be selected for improving the productivity of millet/cowpea mixture in the Punjab.
eat this fodder. If we talk about its grain, then grains can be in poultry feed [1] .
Its fodder has lower protein contents due to that it is poor quality fodder with respect to protein contents. If we intercrop millet with any legume crop like cowpea then its quality can be made better due to enhanced protein percentage [2] .
Cowpea (Vigna unguiculata) is very important legume specie. It also has good tolerance against water shortage. It loves warm-season to grow. As we know that it is a legume crop so it has ability to fix atmospheric nitrogen. It is well adapted to soils. Soils in which there is major portion is sand around 85% and less than 0.2% organic matter is present, in that soil it performs best [3] . It can be grown in cool and shady areas and with millet, maize and cotton.
Legumes are believed to be very good nitrogen fixers; that's why legumes are considered good and if they are grown with other non-leguminous forage then it gives good quality forage. These are also believed to reduce the cost of nitrogen application as they are already fixing nitrogen from atmosphere [4] . It's intercropping with non-leguminous crops not only a reason of increase in production of forage but quality is also enhanced due to high level of protein level then cereals [5] . Cereals are also grown in tropical areas with legumes [6] . This practice is also done in rain fed areas too of the world [7] . This practice of intercropping has a major effect in production of food in both developed and developing areas [8] . We get higher yields in intercropping system than sole system [9] .
Growing of legumes with cereals also helps in improving the overall condition of soil by nitrogen fixation [10] . Fixed nitrogen by the legumes then transferred to cereals growing with legumes that are also much essential to crops [11] . Sowing of mixed seed increases the yield, and quality if done with legumes [12] .
Main purpose of this practice is to get higher yield by using all sources that are available at that time which may be not used by a single crop fully.
Among the critical factors on which crop productivity depends, row spacing is one among those [13] . [14] said when sorghum is grown with cowpea then it gives maximum fresh forage yield and dry matter yield of sorghum. Yield of any crop, if we talk about pearl millet is increased up to a certain stage after which it decreases [15] . In case of delay in harvesting fresh and dry matter yield and fiber percentage improved but protein contents and ash contents decreased [16] . But with early maturity there is decreasing trend in protein contents and enhances the acid fiber contents [17] .
[18] also did an experiment of intercropping. He intercropped maize with cluster bean (Cymopsis tetragonobola), cowpea and French bean (Phaseolus vulgaris) with different ratios (1:1, 2:2, and 1:2). There was a distance of 60 cm in American Journal of Plant Sciences uniform rows and a distance of 40 cm in paired rows. Maize is sown with 90 cm distance among two paired rows. Plant to plant distance of 25 cm was maintained. He concluded that 2:2 row ratio of maize and French bean was better than other in case of money advantages. [19] conducted an experiment with different plant densities and found that there is no such a great variation in case of maize yield. He kept 50,000 plants per hectare of maize in double rows while there is a single row of French bean with 40,000 plants per hectare.
[20] found when maize was grown in combination with groundnut at 2:2 row ratios, then maize was found to show larger maize grain equivalent yield as compared to its sole crop. But in contrary [21] found that when sorghum and cowpea was sown together then they show higher yields of grain and straw in sole system than in their intercropping system. [22] said that when cowpea is grown with cluster bean then this combination increased the digestive value of fodder and also increases the fertility of the soil. Main purpose of this missed cropping system is also to fully and efficiently use the resources that are available which a single crop cannot use efficiently. [23] also reported the overall potential of intercropping maize with legumes in the semiarid region of Ethiopia. They uses following treatments for maize and legumes. For maize 4 treatments are used. They use 4 planting densities for maize which were (0, 20, 35, 50 thousand plants per hectare). For legumes treatments of planting time was used. Legumes were planted at two times, first with the sowing of maize and second are after 20 days. They uses legumes of two types, first is annul legumes of dual purpose like cowpea and lablab and second are forage legumes like centro and cassia. They showed yield profits of this intercropping system, they found that when maize is sown with legumes then it shows higher fresh forage yields and dry yields as compared to sole cropping system. The seed rate for pearl millet is 4 -5 kg/ha and for cowpea 12 -15 kg/acre is used. Pearl millet variety P-518 and cowpea variety PL-101 were sown in lines with the help of hand drill. Field was cultivated with cultivator 3 -4 times and then planking was done to make the soil feasible for sowing. Seed was sown on 14th of May, 2016. All agronomic practices are considered as normal for all the treatments except those which were under study. The data which we have taken for different growth, yield and quality traits is examined statistically using Fisher's analysis of variance technique. Then least significance difference test (LSD) is applied at 5% probability level to check the significance of treatment's mean [24] .
Materials and Methods

Results and Discussion
The data presented in Table 1 and Table 2 ) of mixed forage (pearl millet + cowpea) and dry The data regarding plant population of pearl millet given in Table 1 The treatments where intercropping was done, higher number of plants were produced in treatment T 2 where two rows of millet were sown with one row of cowpea. This difference in the number of plants was may be due to competition within crops for sources like light, moisture and many others. Results of this study were same as of [25] who said that when maize was sown alone then it
gives maximum number of plants.
Plant height (cm) of pearl millet
Plant height has important part in determining the yield of fodder crops that may be affected due to intercropping. Data relating plant height (cm) of pearl millet is presented in Table 1 It is revealed that due to intercropping of legumes there was a remarkable reduction in the height of plants of pearl millet which shows the suppressive influence of cowpea crop thus there is reduction in height. These consequences are in line with [25] who said when maize is intercropped in legumes then sole ma-American Journal of Plant Sciences ize shows the maximum height when compared with intercrop treatments. [12] also said that there was clear variation in the height of sorghum plants when it was intercropped with other crops.
Leaf area (cm 2 ) of pearl millet
Leaf area is equal to the product of length and width of leaf. It can be influenced due to difference in the fertility of soil and due to prevailing environmental conditions. Nutritional importance of leaves is greater than stems as animals mostly like to eat leaves of crops rather than stems. Besides other factors which contribute in the final yield, leaf area is one of those factors which affect the yield of crop. Data of the leaf area of plants in given in Table 1 and it shows significant effect of intercropping on leaf area of plants of pearl millet. The treatment T 4 (sole millet) plants gave highest leaf area (2415 cm . In treatments of intercropping T 2 (two rows of millet alternating with one row of cowpea) gave maximum leaf area.
Differences among different treatments in leaf area were may be due to the improper penetration and absorption of light. It may be due to the improper circulation of air. As in the experiment all plots were sown with 30 cm distance so intercropping of legumes affected the leaf area of plants.
Leaf to stem ratio of pearl millet It is an important factor that determines the quality of plants as leaves being more digestive and favorite food for animals than stems. It affects by the application of nitrogen. Intercropping of legumes directly affect the leaf to stem ratio. Data relating to leaf to stem ratio is given in Table 1 . It is obvious from that table that treatment T 3 (one row of millet alternating with two rows of cowpea) gave maximum leaf to stem ratio (0.26) that is tracked by T 1 (one row of millet alternating with one row of cowpea) where leaf to stem ratio was (0.22). The treatment T 2 (two rows of millet alternating with one row of cowpea) shows leaf to stem ratio (0.19) and treatment T 4 (sole millet) showed minimum leaf to stem ratio (0.16).
Stem diameter (cm) of pearl millet It is a significant factor regarding the yield but there is inverse relationship of stem diameter with quality of fodder. Quality will be lower if the stem diameter will be greater. Data of stem diameter of pearl millet is given in Table 1 . Data showed that intercropping significantly affected stem diameter. The treatment T1 (one row of millet alternating with one row of cowpea) produced stems of 1.12 cm diameter and it was at par with treatment T 2 (two rows of millet alternating with one row of cowpea). The treatment T 3 (one row of millet alternating with two rows of cowpea) produced stems of 1.08 cm diameter. This treatment produced very thin stems. The treatment T 4 (sole millet) produced thicker stems American Journal of Plant Sciences of 1.21 cm diameter. The treatment T 3 (one row of millet alternating with two rows of cowpea) produced thinner stem; this might be due to major portion of legume crop in this treatment and this effects the quality of crop.
These results in line with [26] who said that when sorghum was intercropped then there was a significant difference in stem diameter of sorghum. On the other hand these results are not similar with [27] . They found that when soybean was sown under various arrangements then non-significant difference was there for stem diameter. These variations may be due to difference in fertility level, environmental conditions, soil conditions and many other factors.
Green forage yield (t ha It is clear from the table that from intercrop treatments, T 2 (two rows of millet alternating with one row of cowpea) gave maximum forage yield. When sorghum is intercropped with legumes then legumes act as a suppressive crop, this was stated by [3] . These inferences were not in line with [28] who said that when sorghum was intercropped with cowpea then sorghum shows greater yield due to intercropping.
Green forage yield (t ha −1 ) of cowpea Performance of any crop can be judged by knowing the yield it produces.
Farmers mostly like to cultivate high yielding forages for their animals or for commercial purpose. Data concerning forage yield of cowpea is given in Table 2 that shows that intercropping has a significant influence on the yield of cowpea.
Highest forage yield (33.53 t ha ). This difference in yield is may be due to respective proportion of cowpea crop used in the respective treatment. [29] said that when sorghum was intercropped with cowpea then it produces higher yield of forage and the same was said by [28] .
Green forage yield (t ha −1 ) of mixed forage (pearl millet and cowpea)
Total green forage yield is equal to the addition of yield produced by main American Journal of Plant Sciences crop and intercrop and it was greatly influenced due to different sowing methods and different mixtures of crops being grown with each other. Data regarding mixed forage yield was given in Table 2 , respectively). Thus the combination where two of pearl millet is sown with one row of cowpea produced maximum mixed green forage yield.
Dry matter yield (t ha −1 ) of pearl millet Dry matter is produced in plants due to the photosynthetic activity of plants and it is a direct measure of the efficiency of this system. Data relating dry matter yield of pearl millet is given in Table 2 which depicts significant variations.
Higher dry matter yield (10.91 t ha −1 ) was produced by T 4 (sole millet) and after this treatment T 2 (two rows of millet alternating with one row of cowpea) give dry matter yield (7.24 t ha −1 ).
Within various treatments of intercropping, T 2 (two rows of millet alternating with one row of cowpea) give maximum dry matter yield (7.24 t ha −1
) of pearl millet. These findings are supported by [30] . They reported that when maize was sown with mixed crops then maximum dry matter yield was observed in sole maize. These results are not in line with [31] . They found that when sorghum was intercropped with cowpea then their intercrop combinations produced higher yield of fresh and dry matter as compared to their sole combinations.
These variations are may be due to variation in fertility level of the soil, change in species selected and prevailing environmental conditions. Dry matter yield (t ha −1 ) of cowpea Dry matter is produced in plants due to the photosynthetic activity of plants and it is a direct measure of the efficiency of this system. Data relating dry matter yield of pearl millet is shown in Table 2 which showed significant variations.
The maximum dry matter yield (10.91 t ha −1 ) was produced by T 4 (sole millet) and after this treatment T 2 (two rows of millet alternating with one row of cowpea) give dry matter yield (7.24 t ha −1 ).
Within various treatments of intercropping, T 2 (two rows of millet alternating with one row of cowpea) give maximum dry matter yield (7.24 t ha −1 ) of pearl millet. These findings are supported by [30] . They reported that when maize was sown with mixed crops then maximum dry matter yield was observed in sole maize. These results are not in line with [31] . They found that when sorghum was intercropped with cowpea then their intercrop combinations produced higher yield of fresh and dry matter as compared to their sole combinations.
These variations are because of variation in fertility level in the soil, change in species selected and prevailing environmental conditions. Dry matter yield (t ha −1 ) of mixed forage (pearl millet + cowpea)
Total dry yield is equal to the addition of dry yield of pearl millet and cowpea.
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Data regarding dry matter yield of mixed forage was given in Table 2 which showed variations in the treatments significantly. Maximum dry matter yield (10.91 t ha −1 ) was perceived in treatment T 4 (sole millet). After this treatment T 2 (two rows of millet alternating with one row of cowpea) produced dry matter yield (9.68 t ha −1 ).
Within various treatments of intercropping, it is evident than treatment T 2 (two rows of millet alternating with one row of cowpea) give maximum total dry matter yield (9.68 t ha −1 ). It was then tracked by treatment T 1 (one row of millet alternating with one row of cowpea) and treatment T 3 (one row of millet alternating with two rows of cowpea) producing dry matter yield (9.07 t ha , respectively). These consequences are supported by [30] . They said that maize gives higher dry matter yield in sole sowing of maize rather than where it was sown mixed with other crops.
Crude protein (%) of mixed forage (pearl millet + cowpea)
Quality of fodder is directly determined by the presence of crude protein contents in that fodder. As we know that pearl millet is low in the amount of crude protein contents, so in order to increase the amount of protein in total fodder, pearl millet is intercropped with any legume crop so that overall contents can be improved. It does not mean the intercropping of legume will increase the protein contents of pearl millet instead it will increase the protein contents of mixed fodder.
Data regarding Crude protein (%) of mixed forage given in Table 3 shows variations in the protein contents of treatments due to intercropping of legume crop with pearl millet. The treatment T 3 exhibited higher protein contents (14.56%) where one row of millet was sown with two rows of cowpea. The treatments T 1 (1M:1C) and T 2 (2M:1C) exhibited the same crude protein contents (12.96% and 11.23%, respectively). The treatments where intercropping was done exhibit higher protein contents than sole crops. This is due to higher protein percentage of legume crop. [32] found that there was increase in the amount of protein contents in intercrop treatments as compared with sole maize. [33] reported that to increase the protein contents of cereals, intercropping of cereals with legumes should be done. [29] found that there was an increase in the amount of protein contents in intercropping treatments as compared with sole maize.
There is an increase in the amount of protein contents of fodder when intercropped with legumes found by [34] . [35] also said increase in the amount of protein contents when cereals are intercropped with legumes as compared with cereals alone.
Crude fiber (%) of mixed forage (pearl millet + legumes)
There is an inverse relation of crude fiber contents with quality of forage. If forage is having lower amount of crude fiber then it is of best quality as higher crude fiber contents lead to lower digestibility.
Data relating to the crude fiber% is given in Table 3 There are significant variations in the amount of CF% when sown with legumes found by [36] . They found that when sorghum was intercropped with cowpea then sole sorghum exhibited higher amounts of crude fiber. Sole sorghum exhibited higher crude fiber contents than sown with guara [26] .
Ash (%) of mixed forage (pearl millet + cowpea)
Data regarding ash contents is given in Table 3 These results are not in line with [36] . They said that when sorghum was sown rice bean, then there was high ash percentage. These variations in results are may be due to variation in soil fertility, environmental conditions and choice of species.
Conclusion
Keeping in view the result of above experiment, it is concluded that both forage quality and quantity of forage millet mixed with cowpea can be obtained by growing two rows of millet with one row of cowpea (2M:1C).
